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Introduction
Cranial nerve dysfunction can result from intra-axial or extrinsic pathologies affecting the nucleus, axonal pathway, or extra-axial segment of the cranial nerve. The myelination of cranial nerves II-XII transitions from central glial myelin to peripheral Schwann cell myelin over variable distances and the transitional segment is inherently vulnerable to extrinsic pathologies such as superficial siderosis and compression by adjacent small vessels. [1] [2] [3] [4] Common intra-axial pathologies affecting cranial nuclei and the axonal segments include infarct, demyelination, neoplasms and various vascular lesions. 5 Rarely, microbleeds have been reported as a cause of cranial nerve neuropathy. 6, 7 Herein, we present a rare case of facial nerve paralysis from microbleeds located at the attached segment (AS) and root entry zone (REZ) of the facial nerve. We review the zonal microanatomy of the facial nerve and highlight the value of high resolution magnetic resonance imaging (MRI) for diagnosis.
Case report
A 60-year-old woman presented with acute onset left facial paralysis. Examination on admission showed a House-Brackmann grade IV left facial paralysis. No perioral or periauricular cutaneous vesicles were evident and she was afebrile. She was hypertensive with a systolic blood pressure (BP) of 155 mmHg and diastolic pressure of 128 mmHg. Medical history was significant for hypertension secondary to bilateral adrenal hyperplasia (primary hyperaldosteronism) and prior left basal ganglia hypertensive hemorrhage. Recent ambulatory blood pressure monitoring showed a 24-hour mean BP of 151/94 mmHg, daytime mean BP of 149/94 mmHg and night-time mean BP of 158/94 mmHg. Her regular anti-hypertensive medications included amiloride 5 mg twice daily, hydralazine 50 mg twice daily, and verapamil 120 mg during the day and 240 mg at night. Initially, a presumptive diagnosis of Bell's palsy was made and the patient was promptly commenced on oral prednisone (60 mg/day). Despite 6 days of prednisone, there was no appreciable recovery in the grade of facial paralysis and a subsequent MRI was performed to seek an alternative cause. MRI brain T1-weighted and susceptibility weighted imaging sequences showed two acute microbleeds at the left cerebellopontine angle as well as evidence of pre-existing bilateral basal ganglia microbleeds and an old left basal ganglia hemorrhage ( Figure 1 ). MRI of the internal auditory canal, including co-registered T1 magnetization prepared rapid acquisition gradient echo (MPRAGE) and T2 sampling perfection with application optimized contrasts using different flip angle evolution (SPACE) sequences confirmed two T1 hyperintense microbleeds located at the AS and REZ of the left facial nerve indicating presence of methemoglobin and thereby supporting diagnosis of a recent microhemorrhage ( Figure 2 ). No abnormal facial nerve enhancement was demonstrated. Clinical follow up of the patient at 12 months showed only partial recovery of left facial paralysis to a House-Brackmann grade III.
Discussion
Basal ganglia, brainstem and cerebellar microbleeds are imaging markers of hypertensive vasculopathy. [8] [9] [10] The pathophysiological basis of hypertensive vasculopathy is microvascular remodelling with smooth muscle hypertrophy, increased collagen synthesis and deposition of hyaline material within the intima. 11, 12 This reduces vessel wall elasticity and increased vessel permeability leading to an increased likelihood of hemorrhage in response to elevation of intravascular pressure. 11, 12 Brainstem hypertensive microbleeds showed a significant predilection for the central portion pons a region perfused by the anteromedial perforators arising from the basilar artery. 10 In our case the microbleeds are located inferolaterally at the facial nerve root transition zone at the base of the pons which is a region perfused by branches of the basilar artery and anterior inferior cerebellar artery. 13 We are uncertain of the exact explanation for the unusually located microbleed observed in our case but we speculate her medical condition of primary hyperaldosteronism and severe poorly controlled hypertension may have been key causative factors. Brainstem microbleeds can result in cranial nerve dysfunction directly affecting the cranial nerve nuclei or the axonal pathway. 6, 7 Toxic effects of hemosiderin on cranial nerves are dependent on the volume of hemosiderin deposition, the specific cranial nerve involved and its respective cranial nerve segment affected. 14, 15 In this case, we postulate that the strategic location of the microbleeds at the vulnerable transition zone of the facial nerve are the culprit lesions causing ipsilateral facial nerve paralysis.
An understanding of facial nerve transitional zone microanatomy provides insights into the inherent vulnerability to toxicity from microbleeds. Cranial nerves (with the exception of the olfactory and optic nerves) with a transition zone are traditionally known to be susceptible to extrinsic pathologies such as superficial siderosis and microvascular compression. [1] [2] [3] [4] The cranial nerve transitional zone is the segment of the nerve at which central glial myelin changes to peripheral Schwann cell myelin. 1, 4 The intra-axial segment of a cranial nerve is structurally similar to white matter tracts, consisting of nerve fibers arranged in parallel but lacking the fascicular organization present in the peripheral nervous system (PNS). 1, 4 As the cranial nerve emerges from the brainstem, it is covered by a thin layer of pia for a variable distance before transitioning into the more resilient PNS organization, where bundles of individual nerve fibers constituting fasciculi are surrounded by the endoneurium, each fasciculus then surrounded by the perineurium, and finally the entire nerve covered by the epineurium. 1, 4 The lengths of the transition zone for individual cranial nerves differ. The facial nerve has a relatively short transition zone (3-4 mm) when compared with the longer transition zone of vestibulocochlear nerve (9-11 mm) and trigeminal nerve (7-8 mm). 1, 4 This may explain the lower reported incidence of microvascular conflicts and superficial siderosis affecting the facial nerve. 1, 4 The normal microanatomy of the facial nerve transition zone can be exquisitely depicted on high resolution MRI steady-state free precession sequences such as SPACE or Constructive Interference in Steady State. In the coronal plane the facial nerve exits the brainstem at the root exit point in the pontomedullary sulcus. [1] [2] [3] The AS of the nerve then runs along the pons before separating from the brainstem at the root detachment point. [1] [2] [3] The REZ is the 1-3 mm segment of the facial nerve where the central glial myelin transitions into the peripheral myelin. [1] [2] [3] The cisternal segment (CS) may be inclusive of the REZ of the facial nerve from the root detachment point to the porous acusticus. [1] [2] [3] 
Conclusion
In our case, co-registration of the SPACE and 3D T1 MPRAGE sequences were crucial to demonstrate the acute microbleeds at the AS and REZ of the left facial nerve clinching the diagnosis of this rare cause of facial paralysis.
